We propose a new type of Feshbach resonance occurring when two different ultracold atoms in their ground state undergo an s-wave collision in the presence of a continuous-wave laser light. The atoms collide in the dissociation continuum of the molecular electronic ground state which is coupled by the light to a rovibrational level of the same electronic ground state: we name this a Laser-Assisted Self-Induced Feshbach Resonance (LASIFR). This mechanism, valid for all polar molecules, is analyzed on the example of ultracold 87 Rb and 84 Sr atoms, for which the laser frequency falls in the THz range. The control of the LASIFR with the laser frequency and intensity allows for a strong increase of the pair probability density at short distances, which tremendously increases the number of atoms pairs transfered toward the absolute ground state level by STImulated Rapid Adiabatic Passage (STIRAP). The LASIFR results in the observation of a standard Fano profile in the pump transition of the STIRAP process, and is also promising for the optical control of the interspecies scattering length without atom losses.
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Initially introduced in the context of nuclear reactions [1, 2] , and of atomic autoionizing states [3] , a Fano-Feshbach resonance (FR) refers to the interaction of a quasibound state of a so-called "closed channel" embedded in the continuum of a so-called "open channel". Anticipated in the early days of evaporative cooling of atomic hydrogen [4] , the concept of Magnetic Feshbach Resonance (MFR) has been predicted as a very powerful tool to control the scattering properties of an ultracold atomic gas by tuning the strength of a magnetic field [5] . MFR revolutionized this research field by enabling the longsought observation of ultracold quantum degenerate gases [6, 7] and the efficient formation of ultracold molecules [8, 9] . The process of magnetoassociation relying on a MFR is at the heart of the successful formation of ultracold heteronuclear alkali-metal diatomic molecules in their absolute ground state, as demonstrated in several spectacular experiments [10] [11] [12] [13] [14] [15] .
Ultracold polar paramagnetic molecules composed by an alkali-metal atom and an alkaline-earth atom, are promising for instance for quantum simulation of lattice-spin systems [16] . However they have not been created yet in their absolute ground state. It has long been thought that if one of the atoms has no magnetic moment, MFR could not be implemented. A subtle coupling mechanism has been recently invoked to predict MFRs between paramagnetic Rb( 2 S) and non-magnetic Sr( 1 S) atoms [17, 18] . The observation of the very narrow resulting MFR remains however challenging [18] . Another kind of FR that could be implemented for any atomic pair is the Optical Feshbach Resonance (OFR) [19] [20] [21] : the dissociation continuum of the molecular electronic ground state associated to the colliding atom pair is coupled to a bound level of an excited electronic state by a laser with a frequency detuned to the red of an atomic transition (Fig.1a, b ). An OFR allows for the control of the scattering length with both the laser intensity and frequency. However, the limited radiative lifetime of the excited state induces the formation of vibrationally hot molecules and losses of atoms restraining the efficiency of the scattering length control.
In this Letter, we propose a new type of FR: the Laser-Assisted Self-Induced Feshbach Resonance (LASIFR), where the closed and open coupled channels are both associated with the ground electronic state |g of a heteronuclear diatomic molecule ( Fig.1(c) , (d)) with an intrinsic permanent electric dipole moment (PEDM) µ gg (R) varying with the internuclear distance R. A continuous-wave laser couples the pair of atoms, colliding at ultracold temperature in s-wave (J = 0), to a bound J = 1 rovibrational state close to the dissociation limit ( Fig.1(c) ). This enhances the incident probability density of the atom pair at small R. In ongoing experiments, the atoms are often trapped in an optical lattice, occupying a single motional level of the trapping potential. Due to the LASIFR, the adiabatic transfer of the pair population down to the absolute molecular ground state can be strongly increased. Moreover, the LASIFR is suitable for controlling the interspecies scattering length, as with MFR and OFR, thus opening new ways for evaporative cooling for instance. In contrast with OFR, the spontaneous emission during the LASIFR lifetime is negligible, as it involves two levels from the electronic ground-state |g . A similar coupling has been previously proposed in [22] but without establishing the analogy with a FR. Another type of FR induced by radiofrequency field was also proposed in [23] .
As for OFR ( Fig.1(b) ), the resonant pattern becomes obvious in the field-dressed-state picture ( Fig.1(d) ). The open and closed channels are described by the two dressed ro-electronic states |g, J = 0, n γ = 0 and |g, J = 1, n γ = 1 respectively,where n γ is the number of exchanged photons. The energy difference between the dissociation limit of the two channels equals the photon energy ω γ , and the channel coupling involving the Rabi frequency
µ gg (R), where I γ is the field intensity, 0 is the vacuum permittivity, c the light velocity and
is the relevant Hönl-London factor. The change of representation from Fig.1(c) to (d) corresponds to the transformation from time-dependent to timeindependent Schrödinger equations, thanks to the Floquet theory [24] . We restricted our study to a two-channel case, i.e. to single-photon transitions. This approximation is valid when the maximum Ω max γ of the Rabi coupling remains much smaller than the energy difference between the dissociation limits of the channels, or Ω max γ << ω γ .
Here we model the LASIFR to fit the case of a 3D isotropic harmonic optical trap. The properties of the LASIFR in the untrapped case will be discussed in a forthcoming paper. We consider two overlapping Mott insulators with a single atom per site. The atomic trap frequency for the atom X in the optical lattice (OL) at the wavelength λ OL and laser intensity I OL is ω X = 2π (2α X I OL /m X )/λ OL , where m X and α X are the mass and dynamic polarizability at λ OL . As the masses of Rb and Sr are similar, we consider only the relative motion in the presence of the trapping laser even if a coupling between the relative and the center of mass motions could arise due to the difference in polarizabilities. This leads to the addition in the total Hamiltonian of a harmonic potential
and µ the reduced mass. The trap is characterized by a length a ω = µω R and prevails at large distance whereas the interactions at short distance are characterized by the scattering length a. The dynamics is entirely determined by the ratio ξ = |a|/a ω . Note that the dependence on ξ of the eigenvalues and eigenfunctions has been determined analytically [25] . We assume that the atom pair initially occupies the lowest trap state with J = 0 and energy E 
The uncoupled vibrational levels are labeled |g, J, n γ , v while the uncoupled trap motional states |g, J, n γ , N . The intensity of the laser leading to the LASIFR is ramped adiabatically from zero to I γ such that the population of the atom pair occupies a well defined discrete eigenstate |Ψ i of the full Hamiltonian. The eigenfunction Ψ i (R), expressed in the R-representation, are two component functions ψ i g00 (R) and ψ i g11 (R) solutions of the coupled system :
We investigate here the possibility to create ultracold polar 87 Rb 84 Sr molecules using LASIFR. The choice of isotopes is determined by the favorable values of the interspecies scattering length for mixing Bose-Einstein condensates [26] . We rely on the accurate molecular data already used in our previous work [27] . The atomic frequencies in an optical lattice at λ OL = 1064 nm are ω Rb = 2π × 122 kHz and ω Sr = 2π × 72 kHz, giving ω R = 2π × 100 kHz. The relevant parameters of the LASIFR for 87 Rb 84 Sr are listed in 
between the uncoupled X 2 Σ + rovibrational levels and the uncoupled lowest motional state of the trap (See Fig. 1 of the Supplementary Material). The broad shape of the distribution suggests that the choice of the resonant state is flexible.
The equations (1) are solved with the Mapped Fourier Grid Hamiltonian (MFGH) method [28, 29] , using a grid extending from R min = 5a 0 to R max = 5000a 0 , covering the spatial extension of the lowest trap state |g, J = 0, n γ = 0, N = 0 . Calculations are performed for different values of intensities I γ and detunings ∆ γ and the eigenstates |Ψ i are numbered in ascending order of energy. The detuning is defined as
. The variation of the eigenenergies with ∆ γ presented in Fig.2 of the Supplementary Material, show that the occupied coupled eigenstate is |Ψ 124 (resp. |Ψ 123 ) for negative (resp. positive) detuning. Fig.2 displays the probability density |Ψ 123 (R)| 2 for various I γ and ∆ γ values. At short distances, the component ψ i g11 (R) on the close channel dramatically increases with increasing I γ (at fixed ∆ γ = 0.01 MHz, Fig.2(a) ) and decreasing ∆ γ (at fixed I γ = 100 W/cm 2 , Fig.2(b) ). A similar pattern close to a MFR has been previously reported [30] . However in the case of a LASIFR, the two varying parameters offer flexible control opportunities: the tuning of the field frequency around the resonance condition through ∆ γ is balanced by I γ which determines the coupling between the resonant state and the trap state.
The increase of the probability density at short distance is related to the variation of the scattering length a. While the atoms collide inside a trap, it can be determined in the intermediate region R vdW << R << a ω (where R vdW is the van der Waals length) where the wavefunctions Ψ 124 (R) and Ψ 123 (R) are proportional to (R −a) (see Supplementary Material). The variation of a with ∆ γ and I γ is displayed on Fig.3 . It is similar to the one obtained from for the genuine scattering state involved in MFR. A fit of the scattering length to the analytical formula a = a bg 1 − at I γ = 5000 W/cm 2 , which are rather important intensities.
The enhancement of the probability density at short range is also promising for improving schemes aiming at creating ultracold molecules in their absolute ground state using STIRAP [31] . Three lasers would then be involved: a cw laser for the LASIFR, and two optical pulsed lasers for the STIRAP relying on an excited electronic state |e . In [27] , we demonstrated that the population transfer of ultracold RbSr molecules from the lowest trap state toward the (v = 0, J = 0) level of the X 2 Σ + ground state was rather inefficient, due to the poor spatial overlap of the wave functions of the trap state |g, 0, 0, N = 0 and of the deeply-bound vibrational levels |e , v . In the presence of a LASIFR, this overlap is greatly enhanced. We report in Fig Table 3 of the Supplementary Material. The possibility of tuning q with I γ is another advantage of LASIFR upon MFR. The 1/ I γ dependence of q induces a √ Iγ variation for the detuning of the minimum ∆ min , leading to the invariance of ∆ min / (I γ ). The high q values imply that the detuning of the maximum ∆ max stays close to zero for the considered intensities. This explains the universal behavior observed in Fig. 4 . Furthermore, the high q value also explains why the difference between ∆ min and ∆ max is much larger than Γ (see Supplementary Material for the expressions of q, ∆ min , ∆ max and Γ).
The resulting enhancement of the STIRAP transfer efficiency is illustrated in Fig.5 . The choice of the optimal intermediate level |e , v is dictated by two requirements, assuming equal laser intensities for both pump and dump STIRAP transitions: the corresponding squared TDMs must be of the same order of magnitude, and must be sufficiently large (typically larger than 10 −6 a.u., see for instance [32] ). Off resonance (Fig5(a) , or close to resonance (Fig. 5  (b) Table 2 of the Supplementary Material.
In this work we have shown the implementation of a new laser induced and controlled mechanism, namely LASIFR. The specific Feshbach resonance in play for this mechanism is induced by a narrow bandwidth laser source, which generates a radiative coupling within the electronic molecular ground state with a R-dependent permanent electric dipole moment. The proposed mechanism is promising for the creation of ultracold ground-state molecules which hardly exhibit magnetically-tunable Feshbach resonances, as well as for the control of the scattering properties of non-identical atoms. The coupling can be controlled by both the laser intensity and its frequency detuning. According to the literature [33] , suitable sources in the THz frequency domain should be available in the case of 87 Rb and 84 Sr ultracold atom pairs. For the formation of molecules, as illustrated in this Letter, the LASIFR could indirectly participate by facilitating a STIRAP process. A direct formation of molecules by adiabatic passage using a LASIFR induced by a pulsed laser is an envisioned option.
Supplementary Material Molecular parameters relevant for a LASIFR
In 
Most numbers are of the same order of magnitude, supporting the transposable character of LASIFR that could be implemented for a large class of diatomic polar molecules. This is also examplified in Fig. 1 , where the PEDM matrix elements µ gg (v; N = 0) are displayed for various ground-state vibrational levels v. The pattern is similar for both 87 Rb 84 Sr and 39 K 87 Rb: the level v res is taken at the main maximum, located for both species in the same frequency range for the requested laser.
The variation of the eigenenergies of the states resulting from the LASIFR with the detuning ∆ γ for fixed I γ = 100 W/cm 2 is represented in Fig. 2 . The occupied coupled eigenstate adiabatically correlated to the (N = 0, J = 0) field free trap level is |Ψ 124 for negative detuning or |Ψ 123 for positive detuning. 
Determination of the scattering length for the field-dressed (
87 Rb, 84 
Sr) pair
As discussed in the text, we consider, as the initial state of the atom pair, the lowest motional level of the trapping potential, which thus is not a real scattering state. Nevertheless, the scattering length can be determined by locating the distance where the extrapolation in the linear region (between 200 a 0 and 400 a 0 ) of the radial component ψ g,0,0 (R) vanishes (Fig.3) . In this R-range the X 2 Σ + potential decreasing asymptoticaly proportionnaly to −1/R 6 becomes negligible meanwhile the trapping potential increasing as R 2 is not yet significant so that the J = 0 near-threshold wavefunction behaves has a free spherical wave with a linear variation. According to is rather small. This scattering length characterizes the contribution of the short-range interactions, in particular those due to the molecular potential and to the coupling Ω(R) due to the LASIFR laser. This coupling is of short-range type due to the very different spatial localisation of the probability densities of the bound J = 1 resonant state. 
Characterization of the LASIFR with a Fano profile
The so-called "Fano profile" is the asymmetric shape of the strength of a transition between a discrete state and a quasi-discrete one, i.e. a discrete state coupled to a continuum. Then quantum interferences occur between the two different excitation paths, the direct transition between the two bound wavefunction and the indirect one through the continuum part of the quasi-discrete state wave function.. This is the case of the pump transition of the STIRAP scheme invoked in the paper for 87 Rb 84 Sr. We first report in Table 2 the main characteristics of the two optimal intermediate levels for STIRAP transitions identified in our study (see Figure 5 of the main paper). 
is the ratio of the detuning of the laser addressing the transition, and the strength of the coupling matrix element inducing the interference
with Γ = πI 6 ω R c 0 | g, 1, 1, v res | µ gg |g, 0, 0, N = 0 | 2 .
The values of the q parameter for various different intensities calculated with eq. (2) are listed in Table 3 
